of dye labeling, embryological manipulations, and misexpression of secreted factors in the chick. We show that during gastrulation, cells are continuously moving Summary into and out of the node and that they acquire and lose organizer properties according to their position. This The organizer is a unique region in the gastrulating embryo that induces and patterns the body axis. It suggests the existence of a region with Nieuwkoop center-like properties during gastrulation. We identify a arises before gastrulation under the influence of the Nieuwkoop center. We show that during gastrulation, "node inducing center" in the primitive streak, which, like the Nieuwkoop center, is defined by the overlap cell movements bring cells into and out of the chick organizer, Hensen's node. During these movements, of the Vg1 and Wnt signaling pathways. This inducing center, as well as the misexpression of Vg1ϩWnt, is cells acquire and lose organizer properties according to their position. A "node inducing center," which sufficient to induce adjacent cells to become organizer. In addition, mechanisms exist to regulate the activity of emits Vg1 and Wnt8C, is located in the middle of the primitive streak. Its activity is inhibited by ADMP prothe node inducing center: the organizer and the lateral edges of the embryo produce inhibitors that impose duced by the node and by BMPs at the periphery. These interactions define the organizer as a position spatial constraints to the response. We conclude that migrating cells possess organizer properties transiently, in the embryo, whose cellular makeup is constantly changing, and explain the phenomenon of organizer according to their location at a particular time. The organizer is therefore not a committed cell population deregeneration.
the node region produces notochord expressing chordin and induces the neural marker Sox3 in host epiblast, regardless of the stage (HH 3 ϩ -4) of the donor (Table 1B) . Taken together, these results demonstrate that at primitive streak stages, cells continuously move into the only cells giving rise to axial and paraxial mesoderm are restricted to the node itself. We also observed that most labeled cells leave the node even before stage 4 ( Figures 1D, 1J , and 1K). Therefore, during primitive streak stages, cells are continuously entering and leaving the node. and out of the node. During these movements, they possess organizer properties only while in Hensen's Is this migration into and out of the node accompanied by changes in the expression of organizer markers? node itself. The organizer is therefore not a fixed population of cells, but a state associated with a particular To answer this, we labeled cells in positions B-D, as described above, and fixed the embryos when labeled position in the embryo, whose cellular constitution is constantly changing. descendants had reached the node. In other embryos, cells in position A (the node) were labeled and the embryos fixed when the fluorescent cells had left the
Pattern of Reappearance of Organizer Markers after Node Ablation Reveals a Node node (still before HH 4 ϩ ). Following fixation, the DiI fluorescence was photoconverted with diaminobenzidine
Inducing Center The findings presented above suggest the existence of (DAB), and the embryos were processed for in situ hybridization with chordin. primitive streak cells destined to contribute to the node HNF3␤, and ADMP (see below) were examined by whole-mount in situ hybridization. chordin (Figures 2A-and its derivatives (Rosenquist, 1966; Psychoyos and Stern, 1996a The existence of such a node inducing center suggests the primitive streak acts as a node inducing center that some mechanism prevents the formation of ectopic during gastrulation, we tested the ability of grafts from organizer tissue during normal development. To test different regions of a donor embryo to induce ectopic the possibility that the node secretes an inhibitor, we expression of organizer markers (chordin and cNot1) compared the inducing ability of grafts of the middle of when transplanted to a host embryo, halfway between the primitive streak in intact host embryos and in emthe node and the lateral edge ( Figure 3A) . We used donor bryos from which the anterior third of the primitive streak quail and host chick embryos and combined in situ hy-(including the node) had been removed. We find that bridization with immunostaining with a quail-specific anremoval of the node and anterior primitive streak signifitibody (QCPN) to monitor the origin of the expressing cantly enhances the response of the host to grafts cells. Of three sources of tissue tested ( Figure 3A In conclusion, ADMP is a BMP family member expressed in the node, which can antagonize the organizer when misexpressed in Xenopus embryos and repress the induction of ectopic organizer markers by the node inducing center and by Vg1ϩWnt in the chick.
Competence to Respond to the Node Inducing Center Decreases at the Periphery
Can any region of the embryo respond to signals from the node inducing center? To address this, we grafted Figures 6F and 6I) .
Is the activity of Vg1ϩWnt1 similarly regulated by of the node (Figures 6D and 6E) . To test whether BMP4 can inhibit induction by the ADMP? Pellets of COS cells containing both Vg1-and a mechanism specifically designed during evolution to compensate for such precise accidental injury of the and 6K).
Finally, we tested whether Noggin can relieve the abilembryo. Our results make it much more likely that it is a consequence of interactions between signaling cells ity of host tissue to respond to misexpression of Vg1ϩWnt1 at the periphery, as it does with grafts of the and molecules that take place during normal development. node inducing center. Vg1ϩWnt1 cells were grafted at the periphery along with two aggregates of NogginSince cell movements bring new cells into the organizer territory during gastrulation, it is conceivable that expressing cells. In the presence of Noggin, Vg1ϩWnt1 induces ectopic expression of chordin in 7/27 (26%) of cells that will later pass through the organizer have an intrinsic cellular clock that programs them to express embryos, in contrast with 1/22 (5%) with Vg1ϩWnt1 alone (p Ͻ 0.04, Figure 6L ). Taken together, these results organizer properties at a particular time. Our findings rule out this possibility: when cells lateral to the node indicate that BMPs expressed at the lateral edge of the embryo restrict the response to grafts of the node (which would normally pass through the node) are isolated, they do not express markers of the organizer or inducing center to the middle of the embryo. its derivatives, nor do they develop the ability to induce neural tissue (Table 1B) .
Discussion
The phenomenon of regeneration of the organizer is most likely not unique to the chick, but rather is a general Regulation after Removal of Hensen's Node Our findings challenge the notion that the organizer is principle in vertebrate embryos, all of which are characterized by extensive cell movements during gastrulation. a fixed cell population, defined only once during very early development by the action of localized maternal In teleost fish, both classical (Nicholas and Oppenheimer, 1942) and more recent (Shih and Fraser, 1996) obdeterminants. Instead, they indicate that the organizer property is associated with a particular position in the servations have shown that ablation of a large region including the embryonic shield is followed by normal embryo, whose cellular composition is perpetually 
is grafted together with mock-transfected COS cells (left) or ADMP-secreting COS cells (right) into an embryo from which the node was ablated. The embryo was fixed after 6 hr. Ectopic expression of chordin is seen on the control (left) side (arrowhead), but not on the side that received ADMP (arrow). (G) ADMP inhibits induction of organizer markers by Vg1ϩWnt1. (H) The BMP inhibitor Noggin uncovers the ability of the lateral area pellucida to respond to the node inducer. Noggin-secreting cells were grafted alone (left) or together with the middle third of the primitive streak (right). Induction of ectopic chordin is seen on the right (arrow). (I) Section of embryo in (F). Quail cells stained brown. (J) Section of embryo in (G). Arrowhead points to ectopic expression of chordin induced in host epiblast by Vg1ϩWnt1. This induction is greatly diminished by ADMP (arrow). (K) Section of embryo in (H); quail cells stained brown. (L) Section of an embryo that received a lateral graft of Noggin together with Vg1ϩWnt1. chordin is induced (arrow).
development of axial structures normally derived from have suggested the presence of resident cells in the epiblast of the node, which may behave as asymmetrithe shield. In amphibians, Cooke (1973 Cooke ( , 1975 ; see also Gerhart, 1980) showed that removal of the dorsal lip cally dividing stem cells and contribute progeny to the notochord and somites. Such a resident population is results in a developmental delay, but subsequently the notochord and other structures normally derived from likely to be very small. Our experiments reveal that most node cells are continuously replenished; even when a the lip appear.
In conclusion, our findings suggest that the apparent large region of the node is marked at early primitive streak stages, almost all labeled cells have left the node regenerative behavior of the vertebrate organizer is a consequence of normal inductive cell interactions whose funcbefore the start of neurulation (see Figures 1J and 1K) . secondary axis upon transplantation . These results argue that organizer properties are associated with the site of the node rather than with any particular cell population. In addition, the finding that embryos can regenerate the node and anterior primitive streak further suggests that no specific node cell population is absolutely required for the inducing and patterning functions of the organizer. A rat B1-fibroblast-derived stable cell line secreting Wnt1 and control parent fibroblasts (Shimizu et al., 1997; kind gift of J. KitajewIsolation of cADMP cDNA Clones ski) were grown in glutamine-supplemented DMEM containing 7.5% Degenerate primers (5Ј ϭ ATHGGITGGWSIGGITGGATHAT and newborn and 2.5% fetal calf serum. For grafting into embryos, pel-3Ј ϭ ATISWYTGIACIGTIGGRTGRTT), based on sequences common lets of 2500 cells were made as described above for COS cells. to Xenopus ADMP and other BMP family members, were used to amplify a 122 bp fragment from chick genomic DNA. One hundred Xenopus Injections picomoles of these primers was used in 50 l reactions, which were cADMP was subcloned into pSP64TEN, and capped mRNA was cycled 25 times at 94ЊC (50 s), 50ЊC (50 s), and 72ЊC (2 min). PCR produced using mMessage mMachine SP6 kit (Ambion). For DNA products were purified by agarose gel electophoresis, cloned into injections, cADMP was subcloned into pXEX and injected directly. pGEM-T (Promega), and sequenced by the Sanger dideoxy method Embryos were generated and injected as previously described (Wu (Sequenase kit, USB). All products isolated encoded the same seand Gerhart, 1991; Moos et al., 1995) and grown until sibling embryos quence, which had significant homology to Xenopus ADMP. This had reached tail bud stages. The dorso-anterior index (DAI) was clone was used to screen a chick stage 3 ϩ -4 Hensen's node cDNA scored according to Kao and Elinson (1989) . library in Zap (Stern et al., 1995) under standard stringent conditions using a 32 P-labeled probe. Clones (10 6 ) were screened and,
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